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Subject: Scope of Work for the Califomia Offset Project

To Whom It May Concarnc

Pursuant 1o the requirements of the Consent Decree filed in Unifed States v. Mack
Trucks, Inc. Case No. 98-1495 and pursuant 1o the Settlement Agreement between the
California Ar Resources Board and Mack Trucks, Inc, Mack Trucks, Inc. hereby
submits our Scope of Work for the California Offset Project required by Paragraph 91 of
the Consend Decree.

Mack Trucks, Inc. is not exercising any Confidential Business Information with regard to
thes submission.

Tu!hgbn:ldmrlumﬂﬂmwm | centify that the information
contained in or accompanying this submission is true, accurate, and complete. | am
yﬁn_mm“ﬁmmwmwmﬂuhhm
including the possibility of fines and imprisonment for knowing vickations.

Ll £ Mo —

Glenn 0. Shetter
On Behalf of Mack Trucks, Inc.



OVERVIEW

There are four distinct phases o the overall California Offset Project. Phases 1-IV are identified
as follows:

Phase | - The development of the Mack ETG-325 engine and calibration 1o produce
emsssion levels of less than 2.5 gpm/hp br of NOx + NMHC and less than 0.05 PM. It also
enchudes the placement of 3-3 refuse trucks with this engine in Califomia

Phase 1l - The development of the Mack E7G engine w0 provide 400 bp (E7G-400) with

emission levels that meet the October 2002 diesel limits or below for NOx + NMHC and
0.05 Pm. Thes phase also entails the placement of 3-5 line haul tractors with this engine

im California.

Phase I - The development of the Mack E7G-400 engine and calibration to produce
emission levels of less than 2.0 gm/bp hr of NOx + NMHC and less than 0.05 Pm. It also
includes the placement of 3 additional line baul tractors with this engine in California

Fhase IV - Further development of the efficiency of the Mack ETG-400 engine and
calsbration o produce efficiencacs closer 1o a 2002 diesel engine but with the same low
emission levels as in Phase 111

For the above progects, the following guidelines will be used:

* All emission testing is with California Air Resource Board (ARB) certification foel.
= The cmission levels stated in Phase [ will be in accordance with the curemt FTP test
procedures for spark ignited, throttled, natural gas fueled, heavy duty engines.

* The emissioa kevels stated in Phases [1, 11T and [V will be in accordance with the
revised test procedures s stated in the Awgust 1999 Consent Decree Amendment for

e The placement and operating service of the vehacles are 1o be in areas of California
with high pollation levels and wall likely all be in the South Coast area.

*  Itis undersiood that the cngines and vehicles developed and tested through these
phases are to become commercaally available. It also needs to be understood that if a
techmology that is tested does not mect Mack's normal bevel of expected reliabslity &
durabality for 2 savaral gas product that Mack has the nght not to commercially offer
that technology in onder to protect the reputatans of its customers, Mack Tracks and
the natural gas indastry as a whobs



Phasze [

There are two main tasks that will be focused om in this phase; certifying the E7G-325 st the
reduced engine emissions and deploying 3-5 refuse trucks in California Mack only has control
over when we send m the request for engine certification and when we deliver trucks. The
trucks, ance defivered. may take months to et into service since the body must be available and
mstalled. Therefore, these will be our two key deliverables im this phase 2 well as the ather
three phases.

Engine development will cancentrate heavily on the transient operating condition 10 reduce the
NO and allow the engine 1o meet the 2.5 NOx + NMHC requirement. Nasural gas engines have
an isherently slower response time from idle 10 rated wrque than a diesel engine docs. This is
duse 1o the very slow speed of the turbo on a throtthed materal gas engine o idle speed compared
1o the higher turbo speed of an unthrottied dicsel engine at idle. Mack has demonstrated in the
lest cell at Swi] under the “Efficiency Enhancement Program™ a new technology that uses air-
assist o specd wp the tarbo quackly. The implementation of this idea will be ane of the ways that
are currently planned 1o help reach the project’s requirements.

The vehick: deployment of 3-5 refuse trucks will proceed in paralle] with the engine
development. The vehicle will be based on the currently availablc natural gas refise truck and
then modifications, if required, will be added. The specific trucks though cannot be built or even
planned 1o be bailt until one of the current potentsal customers actually places an onder. Each
company has its own truck configuration and it is impossible to build something generic. Two
likely candidates are Waste Manapement and BURRTEC Waste. However, at this time neither
onc has placed a firm onder with Mack. This is not crucial as of yet though since there is a scven
month onder backlog and the tnacks shoald be built no sooner than 2 moaths afier the engine
certification application 15 submitted 10 allow for the new parts 1o be procured and the engines
bumlt. It would also be best 1o build one truck first and defiver it 5o the custamer 1o cnsure that it
mexts their expectations and specifications upos which the remainder will then be belt and
shipred.

Schedule for Phase | deliverables:
Apply for engime certificatson 12 months after approval of Scope of Waork.

Deliver first refuse trock 14 months aficr approval of Scope of Wark.
Deliver remaining 24 refuse tracks 16 months afier approval of Scope of Work.



Phase 11

Thes phase s the nucleus of the progect. As in Phase | there are two main deliverables; an engine
certification application for an E7G-400 ot or below the diesel 2002 standards but with 0.05 PM
Izmit and deployment of 3-5 line haul tractars in Californsa. This phase is a major project for
bath the engmne and the wochicle.

The engine will be based upon the E7G-325 engine. The power along with the peak torgue will
be raised 1o reach the 400 hp requirement. The exact toeque curve will depend an the final
turbocharger maich but the preliminary peak torque should be in the area of 1440 fi Ib. Some of
the required changes will be the fucl metering valve assembly so more fisel can be delivered 1o
the engine, turbocharger matching, air-assist turbocharger work, new engine designs and possibly
castings 1o accommodate the different vehicle it will be going mio. Development work will be
dane 1o improve the Mack Dynatard engine brake performance. Additonally there will be 2
large amount of time spent in the transient emission cell so the calibration can be optimized w
the new diesel-like emission test procedure. Because of the larpe number of new parts, the
potcntial for new castings, and the new engine production line assembly and lest procedures,
more time is required between engine certification and the build of the first tractor to allow for

In additson to Swill, Mack will also contract with Woodward Governor Coepany to help in the
calibration and metering valve development. Woodward will also need to change their software
m the narural gas engane clectromic control module (EECL) so it can communicate with the

to comply with the Consent Decree. The current natural gas refuse truck by Mack uses only ge
stand aloae Woodward EECU so this will be a major new task by Woodward. As previously
mentioned Mack Tracks has signed 2 contract with GRI, SCAQMD and DOE to help leverage
additional funding for the 400 hp engine development work.

Thas plase of the project is the oaly phase that heavily impacts Mack s Vehicle Engineering
Group The chassis of choice will be the newest version of the Mack CH (Conventional
Highway) with a day cab (no sleeper). A sleeper version could be made available depending on
the customer’s requirements. The tractor will utilize Mack”s latest VECU, the Vmac 111, so the
tractar will have all or most all of the electronsc capabilities that the latest diesel tractors offer.
Also the Snyder low pressure LNG fuel sys'em will be evaluated for potential use which could
help maximize the onboard fsel storage capacity. It is fielt that this overall combinarion of high
power and torque, full electronics, immegrated engine brake and being altematively fueled should
provide good acceplance in the market place.

As 15 the case m Phase [, Mack does not bave a definitive customer at this time. The best
potential customer currently is Ryder Tracks who would then lease the tractors o ACE
Hardware Mack has presented to them this opportunity with good response. But again no fime
Office. One of the main obstacles for Mack, which is also an opportunity, is that in California
Mack has very low market share and is thought of &5 an “East Coast" company. Although
Mack's highest market share is certainly in the East, Mack bas strengthened its West Coast sales



& service network immensely during the past two years But still, many of the potential
customers do not have any Macks and 10 bring five tnacks into their fleet has many logistical
issues that must be overcome.

- Schedule for Phasc 11 deliverables:

Apply for engine centification 18 moaths aficr approval of Scope of Work
Delrver first tractor 24 months afier approval of Scope of Work
Delrver remaining 2-4 tractors 27 months after approval of Scope of Work.

Phase 111

Hm:lﬂnflh]mjmi:m&ﬂtﬂnhuimihmﬁm-ddﬂdnthpdh
Phase [1. Far this reason the serious development work for the Phase 111 engine does not start
uniil the Phase IT engine has completed certification testing.

{h:itnﬁnmmhiuﬁuihﬂlhmahhmwvﬂuchﬁ;
{LIVC) comcept The LIVC sechnology is still is its infincy but it has shown very positive
results thus far. Ejhuﬁlghhtﬂtﬂmwmﬁli‘mufﬂumm-ﬁt.hu
volume of air is trapped i the cylinder. For equal power then, the air must become denser and 1o
mummnwmmmmhumﬂm The maore
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generated  Although the handware 1o selectively tum the LIVC on and off has been tested, the
task of actually putting it into production faces many challenges. Either as a back-up or as =
alternative a catalyst could be used to help reduce the emission levels. Additionally engine
“mhmwsmumummdumcmm
h:Hﬁmeuﬂm‘Hyuhmkdﬁciﬂywbﬂhnﬂmﬁuﬂu

An additional control feature shall also be tested. An NOx sensor may replace the camremt
oxygen sensof in the exhaust pipe. The NOx sensor provides an oxygen concentration outpet as
well a5 a NOx concentration outpet. The engime would still be controlled primarily off of AF
muhhwﬁnhﬁgmﬂhﬂjmﬂuﬂhmhunmm
kevel mmlmuﬂlﬁdrhmﬁudnddiﬁmihﬂq:mﬂhh
desared NOx versus the speed and Joad (MAP) conditices.

The wehicle is not expecied to reguire any major design changes at this time. The bagpest change
may be having 1o use s catalytic muffler if it tarns out that 2 catalyst be reguired.

Schedule for Phase 111 deliverables:

Apply for engine certification 36 moaths afier approval of Scope of Work.
Delsver 3 tractors 39 months afier approval of Scope of Work.



Phase [V

Phase [V calls for the E7G-400 engine to remain ot or below the emission requirements stated in
Phase [11 bat with increased efficiency so the gas engine is more like the diesel. This phase is the
beast defined phase due to the unknown technologies required and a1 what Jevel of efficiency the
gas engine will be & by the end of Phase [1l. Additionally the fuel efficiency of the diesel engine
for year 2002 and beyond is not known. Therefore, this phase will be very general in description
at this time. As Mack progresses with the next phases of the “Efficiency Enhancement Program™
and the competing technologies are evaluated, 2 more definsie direction can be identified.

As in Phase II1, thas phase wll pick up where the last phase ended so the majority of the engine
that will certainly be evalusted is turbo-compounding, the addition of a second tarbine coupled
back 1o the gear rain.  Next year one wall be tested on a E7G engime at SwRI and hased on these
results we can determine if it will be worth pursuing further. Since more energy is lost in the
exhaust stream on a gas engine versus a diesel engine (lower compression ratio), there is a good
Mh@thrgﬁuihhh&:mpﬂuha&dh:wﬁudp
cagne versus a deesel engine.

Orher sechmologies which may be used arc; high pressure gas injection, miller cycle, further

Schadule for Phase IV deliverables:

Apgly fior engime centification ar submit repart to ARB 60 moaths afier approval of Scope of
Worc

Traiming

Mack and Woodward Govemnor Co. will conduct trasning at the local Mack dealerships that will
sapport the cusiomer site. A supply of natural gas service parts will be kept cither at the dealer
of m. site in case of a part failure.

Data Tracking

[t isplanned that the Phase [ and Phase 1l projects will be monitored for one vear each and
reported on. Mack will work with an outside contracior to perform this. Negotiations are
camrently underway with Gary Pope of USA Pro to perform this task. Mr. Pope lives in Souther
Califeenia and has a very strong natural pas background which when combined provide excellent
logistics for this project.



Glern ) Shafer

Saf frgree
AT THUCKS, mC Phoes 307 TRID-S5E0
1E50E PEMHE YL VANLL By FHUIE Fax 30N 750.54L

HAGERSTUAVE MAAFYLAND 1740 Ervail glers shefen meckinscs com
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Subject: Scope of Work for Mack Trucks, Inc. Ervwranmental Proects
Ta Whaom It May Concermn:

Pursuant 1o the requirements of the Consent Decree filed in United States v. Mack
Trucks, Inc. Case No. 98-1485 and pursuant ta the Settlement Agreement between the
Califomia Ar Resources Board and Mack Trucks, Inc., Mack Trucks, Inc. hereby
submits cur Scope of Work for all of our Environmental Projects (except the California
Offset Project, which was submitied on May 3. 2000) required by Paragraph 91 of the
Consent Decree

The projects are as follows:
1. Heavy-Duty Truck SCR Demonsiration and In-Use Testing
1. Heavy-Duty Dresel Truck Aftertreatment Retrofit Project
3. Ultra-Low In-Cylinder Emissions Engine

Mack Trucks, Inc. is exercising Confidential Business Information only with regard to
the three attachments contained in the Ulira-Low In-Cylinder Emissions Engine write-
up, which are clearly marked CONFIDENTIAL BUSINESS INFORMATION.

To the best of my knowledge, after thorough rnwveshgation, | cerify that the informaban
contained in or accompanying this submission is rue, accurate, and complete. | am
aware that there are significant penalbes for knowingly submitting false information,
ncluding the possibility of fines and imprsonment for knowing violations.

M L UFE—

Glenn 0. Shetter
On Behalf of Mack Trucks, Inc.



Scope of Weork for a Heavy-Duty Diesel Truck
Selective Catalytic Reduction (SCR) Demensiration and In-Use Testing Preoject
along the 195 Highway Corrider

Submitied 1o the 1.5, Eavironmental Protection Ageacy (EPA)
by

Mack Trucks, Inc.
amd
Northeast States for Coordinated Air Use Management (NESCAUM)
May 23, 2004

ABSTRACT

This is a scope of work for a joint project to equip 10 highway heavy-duty vehicles with
selective catalytic reduction (“SCR") in the Northeast stales as part of Mack Trucks”
“Company Proposed™ projects 1o reduce oxides of nitrogen (NOx) emisssons from heavy-
duty engines 1n the demoastration, all rucks will be westad for NOx, particulate (PM),
hydrocarbon (HC), and carbon monoxide (CO) aar pollutant emissions under in-use
conditions 10 quantify the emissaons benefiis‘affects from this control strategy. In
addivon to criteria polbaiant lesting, one or more trucks will be tested for nitrous oxide
{N:O) and ammomnia {NH;) emissions in a laboratory_

PARTICIPANTS

Seggested Partners: Mack Trucks, Siemens- Westinghowse Power Corparatson,
Donaldson Company, NGK-Locke, other equapment suppliers, truck fleet operators, the
Northeast Stses for Coordinated Air Use Management (NESCAUM) and NESCAUM
member stale agencies, urea and urea infrastructane suppliers.

Benefit of NESCAUM / Stase Ipvolvement: NESCAUM has represented the pollution
comiro] programs in the eight northeast stases for over 30 years. In the arcas of ar
assessment, we offer the combined exp =mise of our in house staff and the 1echmical siaff
of the morthess! states. This technical, regulatory and institutional expestise offered by
NESCAUM will serve the project in numerous ways.  Farst, NESCAUM is the only
organization outside of California with actual experience condocting heavy duly wehicle
retrofit projects. We are presently conducting active projects at three sites and will bring
real world problem solving o thes collsboranon. Moreover, NESCAUM hac been 2
national leader in the development of emissions reduction credit programs and
measurement protocols. Second, NESCAUM has maintained a highly cncrgetic Heavy
Duty Engine Stase Working Group over the past theee years. Active sisle involvement iz
thas project will add credibality, substantial logistical support and increased visibility if
desired. Third, NESCAUM's reputation within povernment, industry, and the



enviranmental commnunsty for integrity and technical accuracy will provide added
credibility 1o the project goals and resulis. Lasi NESCAUM bas sohstantial experience
managing logistically complex, multiparty progects and documenting these efforts through
techmically detailed yet accessible reports. Having strong existing relationships with
many of the proposed partners listed above, we feel well susted 1o peovade similar
aorganizational suppont for this effor.

BACKGROUND

Studies have shown that equippisg heavy-duty engines with selective catalyix reduclion
SCR retrofit of sationary external combustion engines w0 reduce NOx emissions is
widespread, the mstallation of SCR in mobile sowrces is relatively new. Recently, several
pibol studies conducted by Secmens Westimghowse Corporation and other compamies have
shown significant NOx emissions reductions in beavy-duty trucks and deesel generalors
through the wse of SCR.' An SCR evalwation program for highway heavy-duty trucks in
the Northeast is needed 1o assess the emissioes reductions that can be achieved with this
technology and %o explore wea infrastruciure development 1ssucs.

PROJECT GDALS
The goals of this project are 1oc

l. Reduce NOx emissions from in-use heavy-duty deesel enganes in northeast urban,
_m-ﬂ,

2 Assess the effectiveness of the SCR. control technology in reducing NOx under both
steady statc and transient conditions;

1. Quantify the emissions reductions achieved from the SCR. program;

4. Demonstrate protolype emissions measunng devices that gather continuoss data an
MNOx emissions:

5. Assess the effectiveness of the sysiem w0 contred secondery emsssions such as NyO
and NH; 1o minimal levels;

6. Develop an understanding of the peactical consideranans involved in installing SCR
technology and a urea infrastructure for m-use highway dicsel engines which operate
in vocational, over the road or lomyg haul apphications.

EMISSION REDUCTIONS

In these states ozoae pollution consistently exceeds federal health standards.? Project
participants will aam o reduce NOx 10 1.5 g'bhp-hr (about 8 70 percent reductson) in the

! Murller, Raimund; Roemich, Herbert, Joisien, Michas| “STNOx SCR Systems - An Experience Report
Redecing Empsions of Crisenia Polutssis of Stationsry ssd Mobile Sosrces”™ ICAC Forum "9 Culting
NOm EmEsions.

! WESCAUM *“Heavy-Duty Fagine Emissions i e Northesst ™ 1967



study vehicles through the use of wrea SCR. Achieving a 70 percent reduction in long
haul beavy-duty diesel engines could lower NOx emssssons by as much 2s three quaners
of  ton per year, per vehicle.” Over the 3 years of the project, this would equal 22 5 tons
of NOx. [fthe SCR sysicms remnzin on the ten trucks afier the completaon of the

LOCATION OF ENVIRONMENTAL BENEFIT

Progect participants will select long haul tnacks that travel along the 195 comidor. In
choosing the 195 corridor as a focus of the study area, the progect azms 1o reduce NOx
along ome of the major haghway comidors in the region, where the impact from long haul
heavy-duty dicsel NOx emasssons s great. Mack and NESCAUM will work o find a
flect or several flects that travel from New Jerscy to Massachusetts (or further north if
possible) along 195, Thus, the NOx reductions that result from the project are anticipated
1o occur in New Jersey, New York, Connecticut, Massachusetts, and Rhode lsland.

In developing operational data and a fisal estimate of the cost per ton of NOx reduced
froen the use of SCR in heavy-duty highway engines, the project will assist in determining
the viability of expanded use of SCR technology im the heavy-duty truck sector.

NEW TECHNOLOGY DEMONSTRATIONS

The progect will demosstraie the use of SCR. technology in heavy-duty highway diesel
trucks. (iver the past year Mack Trucks has worked with Siemens Westnghouse Power
Corporation to engineer an SCR system for E-TECH 350 hp class VIII engine. This
praject will provide m-use demonstration and assessment of this engine mode] with 2
urea SCR systemn and will be ane of the first demonstrations of SCR. in mobile sources in
this reghon.

In addition to demonstrating a new application of SCR technology, project participants
will wilize a3 protolype emaissions monstoning device @0 test NOx emisssans under various
baseline and post-catalyst NOx emissions data which can be stored using a lapiop
compuler. This equipmeni could be used to monitor the effectiveness of the SCR
equipment over a period of several bows. The cffectivencss of the device will be

Anather new technology that may be used as part of this project is ane which detects the
presence of urea. The purpose of using this device is to address concerns that operators
may fill wp their wrea tanks with water in order 10 #void any inconvenience associated

" Assurses 8 350 bp engine operating 2,000 howrs & year, ot 6 g/bhp-br WO, with 2 load facter of 12,



Last, Mack Truck engineers may program electronic controls to give truck operators an
meentive 1o refill the urea tank. The purpose of these controls is w develop experience
with a quality sssurance sysiem foe the urea SCR system. Regulators have expressed
legitimate concemns that while the urea SCR system may roduce NOx emissions very
effectively, if operators do not refill the area 1anks as required, no reductions will be
realized. If the urea tank rans dry or is filled with a liguad other than urea, a warning light
will illamenate and engine performance will be limited until the problem is corrected

PROJECT APPROACH/SCOPE OF WORK
The progect will take place in eight phases:

1) Develop detailed project plan and goals clarificarion;

1) Conduct survey of highway beavy-duty flects and procurement of tnucks for
participation in the project:

3) Develop SCR systemn and monitoring method for tneck NOx emissions and urea
consumpon;

4) Insiall the SCR equipment and urea infrastrocoure;

3) Conduct emissions testing %o determine reduction of pollutants from the installation
of the SCR systems;

6) Conduct emissions testing to prove out NOx moniloring system;

T} Develop quantification methods

8) Document results.

I mqmmmﬂn and Program fmplementation

Upca determination of available project funding and in-kind assistance, project
participants will meet to finalize progect plan and timelines. It is anticipsted that a
mecimg will take place n August to finalize the project tmeline, workplan, report
preparation strategy, and other elements key to the sucoessful completion of the
demonstration. In additson, project workgroups or teams may be formed around
substantive issues andlar site locations. For example. an emission testing workgrosp will
hmmmamm We propase 1o balance the convenience of

echmology m & few locasons with the benefit of mvolving more stases and
communities i the effor.

Throughout the project, Mack, Volvae, and NESCAUM will coordinate elements of the
mjmmhummudmm&\m Volvo will
pasticipale in project meetings, such as the proposed August meeting. In addition, Vobvo
will participate in conference calls so that information an technical and implementation
1559cs can be shared



2. Fleet Sarvey
Develapment of an leventory and Route Informarion for Truck Fleets

During this phase of the project, fleets will be surveyed by project participants 1o
determine the appropeiate vehicles 1 equip with SCR systems. An objective of the
progect is &0 equip new engines such as the Mack E-TECH engines with SCR and thus
bocating fleets with trucks on arder from Mack will be important. For new truck SCR
use, Mack Trucks will determine which fleets in the region are ordering new class eght
tracks. Once this has been done, information on mileage driven annually, routes, and
fueling practices will be gathered from poicntial fleeis. When candidaie fleets are
selected, project participants will discuss the program with the fleet operators.

In addiion o locating new vehicles ca ander for SCR retrofit, progect panticipants wall
develop a survey of state flect wehacles, .S, Pastal Service vehicles, and other fleet
vehacles for possible inclusion in the project.

Example of Passible Fleet Vehicles to be Equipped with SCR:

The following provides information on the type of fleet the project participants will work
w0 inchude in this SCR. program. Class eight tnacks are desirable becamse these trucks
travel long distances, mass NOx emissions during the trips are high. Important in
sclection of a fleet for inclesion in this project is a previous working relationship between
the fleet and stae regulators and Mack Trucks. Potential highway fleets 1o be included m
the project are lisiad bedow:

APA Transportation, based in NJ (near NYC)
Air Products, based in Trexleriown, PA

Lily Tramsportation, based in Needbam, MA
Matlsck  baced m Swedesharo, NJ

New Penn, based m Lebanon, PA

Pitt Ohio, besed in Pitssburgh, PA

Ryder, throughout the Northcast

UPS. throughout the Nostheast

All of these companics operate Class 8 trucks. Some of these fleet vehicles are
manufactured by Mack Trucks. All of these flects will be considered for inclusion in the
SCR demonstration program.

Dwring the vehicle procurement phase of the project, fleets will be assessed for eligibility.



3. SCR Fabrication and Infrastructure Planming

During this phase of the progect, the urea imjection sysiem and catalyst. tampering
resastant strategy, and installation will be completed on ten vehicles. The rewrofit of the
wehicles will be based upon work that Mack Trucks has done over the past year on the E-
TECH engine. The SCR equipment manufacturer will fabricate the SCR catalysts and
mjection system. The project is geared ioward new vehicles. The exact types of vehicles
0 be used will be determined at the start of the project.

Also during this time, fshrcation and installation of the wrea infrastructure will be
complcied in coordination with the truck flect and the urca infrastrecture supplier. Urea
tanks will be installed either on sie, st garages, or at truck stops along a predictsble travel
rourte for the flect vehicles. Urea tanks will need 1o be installed a1 urea filling stations
(truck terminals or tnack siops). These tanks should hobd approximately 500 gallons of
wrea. Urea tanks will aiso be insulled on cach of the trucks participating in the
demonstration.  These tanks will bold approxamaicly 15 gallons of urea.

There are two possible approaches 10 developing the wrea infrastructure for this project.
In one scenanc, wes tanks and infrastructure would be installed ¢ fleet terminals or fleet
garages. In this case, trucks that travel along 195 between Boston and Newark, fior
example, would be good candidates. These trucks are able to make thear trips on one tank
of diesel and since urca containers on the trucks need 1 be refilled every time the dicsel
tank is filled up, refocling of both fluids could occur at the terminals.  Urea infrastructure
(ranks, dispensers, meters, and other necessary equipment) could be inszalled at the track
terminals on both ends of the trip.

Another approach would be 1o choose a fleet that travels all the way from New Jersey o
Maine. In this case, wea mfrastructure would need wo be installed both at the flest
terminals or garages and slong 195 so that ruck operstors could replenish the urea for the
SCR system. In this case, project participants wall work with Travel Ports of America,
Truck Stop Association of Amenca, and other tnuck stop operators in the region 1o
uentify and establish appropriate urca infrastructure locations.

The approach will be chosen in coordination with truck flest managersiowners that are
participating in the project. In sclecting parncpating vehicles, a preference will be given
to those truck fleets that are willing 10 re-fill their on-board urea tanks along the 195
coeridar.

4. [nviallation of SCR Devices

Once Siemens has manufactured the SCR systems, Mack will install the devices on the
ten vehicles at Mack facilitics. Thas will involve engineering and design 10 adapt the

SCR sysiem to the selected engine'truck models. Space constraints will require design
changes to fit the urea tanks and SCR catalyst on the truck. Installation documentation



will be developed as well as engmeering documentation for adapastion of the SCR system
for the specific enpine model

5. Emissions Testing

Detailed emissions measuremenis and engine use profiles will be conducted for all
vehicles. Possibilities for emassaons testing include laboratory facilities &t West Virginia
University, Environment Canada and other testing labs, in-use lesting usang EPA's on
highway emissioas trailer or the Real Time On Board Vehicle Emissions Recorder
(ROVER), West Virginia's chassis dynamometer, Enviromment Canada’s mobile
sampling system. Some combinzton of the above will be pecessary in order 1o sample
eriteria pollutants, N0, and NH;. Techmical aspects of the testing program are:

* Development of in-use testing prosocol. The protocol will establish and describe how
testing will oocur in the laboratory and under in-use conditions and how the on-board
NOx emissions momitors will operate. The protocol will describe how testing for PM,
HC, 0O, N2O and NH; will eccur.

« Criteria Pollutant Testing: Project participants will consider using bag samples and
chemiluminescent detectors for NOx, non-dispersive infrared detectors for CO, flame
sonizer detectors for HC. Aliermatively, continuous NOx, CO, and HC samples could
be colkected using NDIR technology (such as with the ROVER) Electrochemacal
emusssans iesling equipment may also be considered. For PM lesting mass filtration
and dilution will need 1o be conducted.

* Secondary Pollutast Testing: A method for gathering NH; and N0 will be
developed. This testing may need %o ocour in a testing facility. A potential method
for measurement is Foarser Tramsform Infrared technigee. This has been used
successfully in the past.

» Sampling method: A sampling system which draws exhaust from both upstream and
downstream of the catalyst would be opumal for simultaneous baseline (engine out)
and post-catalyst emissions. However, a testing program <an be designed %o measure
before and after the mstallation of the control equipment if necessary.

* Esgine Use Profiles Developencen: data ea engine rpm, exbaust iemperature, and
throitle position will be collecied by accessing the ECM monitor if possible. Other
methods for gathenng this information are available if acoessing the ECM canmot be
dome.

A possible testing method is described in this section. This method may change as

project proponenis refine thes proposal. Project proponents propase w0 momitor the SCR

system and the emissions sensing device in four “rounds” of emissions testing. The four
components are described below:

a) Initial emisssans testing a the time of SCR sysiem installation:

All ten vehucles will be tested for the following pollutants over the road: NOx, CO, snd
HC esing a mobile unit such as the EPA ROVER or Environment Canada’s mobile



testing system. Measurements will be laken both upstream and downstream of the SCR
sysiem and will yield comtinmous readings for NOx, CO, HC in grams per mile, and
possibly grams per brakchorsepower hous (if the engine ECM can be accessed for toeque
data). While the tesung cycle will not be consistent from vehicle 1o vehicle, real world
emassions data will be gathered and the design of the sysiem will allow for an accurate
assessment of bascline and after catalyst emissions.

In addition, during this over-the-road testing the tnacks will be equipped with a prototype
emassions monitoring device. The device will momitor NOx emissions continuously both
upstream and downstream of the catalyst. During in-use testing, bascline and afier
catalyst data will be gathered. Afier testing the readings from the mobile testimg unit and
the prototype monsioring device will be compared.

Theee of the vehicles will be sent 1o an emissions testing laboratoey (example laborasaries
are West Virginaa University and Environment Canada). The vchicles will be tesied on
an accepted chassis dymamometer cyele that is representative of in-usc condithons.
Sampling for NOx, HC, CO, PM will be done using laborstory grade equipment. An
example of laboratory grade equapment is a Hortha chemiluminescent detector for NOx.
Draring thes testing, haseline emissions will be determined and the prototype emisssans
detector will be tested for accuracy. Emissions samples will be taken upstream and
downstream of the prototype emissions detector i order 10 assess the accuracy of the
prosotype sensor.

b} Emissions 1esting six months, twelve months, and two vears afier installation

Drarimg thes phase of emissions testing the three trucks that origimally were 1csicd on an
engine dynamometer will be sert back 10 the emissions testing laboratory. Befare they
Data will inchade: exhaust semperature, rpm, tongue (if possible). From these data, an in-
The chassis dymamometer will be programmed o run this in-use cycle. The theee
vehickes will be tested in the laboratory o both the in-ase cycle and on the established
cycle (such as the West Yirginia cycle) that they were tested on in the phase [ of
mm

Also during thes phase, the other seven trucks will be re-tesied under mormal driving
conditions with the mobibe testing unit. The testing will both cstablish bascline and post
information on engine emassions “drifi” As in Phase | of testing, emissions data will be
gathered upstream and downstream of the SCR system, simahaneousty if this is possible.
Ahematvely, progect partscipants will measure boad from the engine electronic control
module or conduct emissions tests over the same lest track.



<. Emissions Testing to Prove Owt NOx Sensor

An important compoaent of the emissions testing program will be an assessment of the
continwous NOx moaitors. The parpose of this aspect of the emissions testing will be to
ensure that changes in NOx emisssons detected by the system are accurste. Since the
emzssons crodit protocol will rely on the results of the contimuous NOx measurements.
establishing the accuracy of the measurements under 2 variety of ambient and engine
condstions, and over time will be critical. Testing methods will include those described
above.

d Emisssons Testing Costs

Ruwmmﬂﬂm partscapants will not exceed the alloted bodget for
cmissions testing. Progect participants have outlined various aptions for conducting
emission testing. The proposed plan is ambitious and may need 1o be scaled back to
some degree and thus some of the testing components may be omitied from the project if’
they prove 100 costly. Since the peimary goal of the project is 10 achieve NOx emission
reductions, testing costs wall be kept within budget 5o as not to reduce the mamber of
trucks that are equipped with SCR devices.

6 Develop Quantification Methods

In addition t0 the emissions data collected during in-use lesting, monitoring of daily fill
up reconds for foel and urea consumption as well as urea purchase records will be
examined by the progect participants. While this method i not sufficient o ensure that
the urea SCR system is being used properly, the records will give an indicaticn of
whether or not enough unea has been purchased 10 suppart the system during the project.

To facalitate the measurement of 10tal NOnx reduction benefits and the creation of
Emission Reduction Credits (ERC™s) # is necessary w0 develop robust credit creatson
protocols. NESCAUM has led several muhi-stakeholder efforts to develop credic
member states and the U.S. EPA 1o develop a method 1o quantify and calculate SIP
control devices. This work will provide a model for our efforts 1o quantify the credits
associaied with the retrofil of highway heavy-daty vehicles with SCR.

7. Documemiation of Resules / Final Report

through this project. Protocols myust be developed at the outset 1o ensure data

consistency. Throughout the course of the imitiative, progect participants should seek 1o
document both unexpected challenges and pleasant surprises. Data should be collected,
quality assured and analyzed a1 appropriate intervals  Project participants may choase to



publash results in peer reviewed Incrature either collectively or mdependently.
NESCAUM &= prepared to coordinate and'or drafi a fisal report documenting the
emissions reductions, performance of the SCR sysiems on tnuck engines and xssessmment
of the feasibility of commercial scale application. All project documentation will be
reviewed by project participants and will recognize the existence of confidentzal busmess
information where appropriate.

IN-KIND CONTRIBUTION

In-kind contnbutions to this projoct will be in the form of state siafT time, potential siting
of urea tanks on state property, andéor use of state fleet vehicles, permitiing work,
technical assistance, possshle development of an over the road testing unil and operation
of the unit, and/or the dedication of two full time equivalents to training, use, and
mainierance of an EPA provided over the road testimg device. In addibon, some states
through paricipaton in the Clean Fuel Fleets program have developed working
relaticaships with flect operators in their states. State staff can be counted on to facilitaie
project implementation through these existing relationshaps. 1o order 10 test for ammania
and nitrous oxides, an emissions testing contractor will be hired. In-kind contributions
from the emissions testing contracior will be reguired for partscapstion im the project. The
total in-kind contribution will be equivalent 1o several hundred thousand dollars.

ELEMENTS TO BE RESOLVED
Technical wark:

Mack and Sicmens have equipped one track with an SCR system 1o daste. For thes trock,
engine mapping, bracket fabrication, placement of the SCR system on the truck, and
prelimimary emissaons testingg have been completed. Thas mitsal expencnce wall help to
speed the development and installation of the SCR sysiems onto the ten trucks planned
for this project. Techmacal work yet to be completed includes mapping of selected engine
modcls and work 1o determine placement of the SCR sysiem on trocks currently in
production. Development of an emissions testing protocol is also noeded.

Fleet Selection

Potential fleets for mnclusion in the praject have been identified. Work to be complesed n
order to select trucks for the project includes: conlacting companies 1o assess inlerest in
participating in the project; and collecting information on tracks, routes, fueling
armangemenis, and other important elements.

Uvea Infrastructure

Initial contacts 0 urca supplers and w0 urea mfrastroctun: suppbears have been made.
Work 1o be completed in order 10 supply wrea 1o the trucks in the demonstration includes
determiming- if the urea will be re-fiseled at truck terminals or along the 195 comidor;



whach supplier will provide urea: what kind of tanks will be needed; and what the
permitting issues are associated with urea tank placement.

In short, significant work has been done in planning for the project, but smportant
clements are not yet finalized which will be key to successful implementation. These
elements will be finalized soon afier the project initiation date.
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Scope of Work for a2 Heavy-Duty Diesel Truck
Aftertreatment Retrofiit Preject

Submirted to the US. Enviroamental Protection Agency (EPA)
by

Mack Trucks, Inc.
amnd
MNortheast States for Coerdinated Air Use Management (NESCAUM)
May 23, 2000

ABSTRACT

This is a scope of work for a joint project 1o retrofit 185 heavy-duty wehicles with diesel
axidstion catalysts (DOC) or dissel particulste filters (DPFs) in the Northesst states as
part of Mack Tracks' “Compamy Proposed™ projects 1o reduce PM, HC, and CO
emissions from beavy-duty engines. This progect will imclude 150 trucks with daesel
oxidstion catalysts (DOC), 30 trucks with diesel pasticulme filters (DPF), and 5 trucks
with a combination of DPF and sclective catalytic reduction (SCR). These last 5 trucks
are also mvolved in the “SCR Demosstration and In-Use Testing Project” and are
included here to investigase the imteractions between these technologies. Afier one and
two years in operation, several DOCs and DPFs will be removed and evalwated in an
emissions testing cell. Exhaust backpressure will be momitored on several trucks as an
indicstor of afiertreatment plugging and'or failere. If successfidl darmg the two-year
tracking period, these umits will remaie i service after conclusion of the project.

PARTICIPANTS

suppested Partners: Mack Trucks, Engelhand Corporation, Donaldsen Company, truck
fleet operators, the Northeast States for Coordinated Air Use Management (NESCAUM)
and NESCAUM member state agencies.

Benefit of NESCAUM / State Involvement: NESCAUM has represensed the pollution
controd programs i the eight northezst states for over 30 years In the areac of air
pollution coatrol, deesel technology, pilot study design and emissons sesting and
asscssment, we offer the combined expertise of our in house stafl and the technical staff
of the northeast states. This technical, regulatory and institutional expertise offered by
NESCAUM will serve the project in numerous ways. First, NESCAUM is the only
retrofit progects. We are presently conducting active projects at three sites and will bring
real world problem solving to thes collaboration. Morcover, NESCAUM has been a
national leader in the development of emissicas reduction credit programs and
measurement profocols. Second, NESCAUM has maintained a highly energetic Heavy
Dury Engamne State Working Group over the past three years. Active state isvolvement in



this progect will add credability, substantial logistical support and increased visibilaty if
desared. Thard, NESCAUM s reputation wathin government, industry, and the
enviroesmental community for integrity and technacal accuracy will provide added
credability o the project goals and resalts. Lasi, NESCAUM has substantial expenence
masaging logistically complex, multiparty progects and docamenting these efforts throegh
technically detailed yet accessible reports. Having strong existing relationshaps with
many of the proposed partners lisied above, we feel well suited 10 provide similar
organizational sappor for this effort.

BACKGROUND

Suadies have shown that equipping or retrofitting heavy-duty engines with DOCs and
DPFs have resalted in PM reductions of appeocimately 20% for DOCs and 1
9% for DPFs.' DOCs and DFFs are also capsble of reducing HC by 30% or maore
While over | million DOCs bave been installed on diesel trucks as original equipesent by
manufacturers to comply with the 1954 PM standard, retrofitting outside of the Urban
Bus Program has until recently been rare. The Urban Bus Program was established in
1995 and requares transit bus operators located in consolidated metropolitan districts with
populations of 750,000 or grester 1o retrofit urban buses. Ahhough PM reduction i the
primary focus of this project, HC reduction is also of significant value. Mo NOx
reduction benefil 5 expected from DOCs and DPFs.

DPFs have been used in the mining and the materials handling sectors for years 1o reduce
worker exposure 1o particulste emissions. Effors in the Northesst and elsewhere
retrofit nonroad equipment and urban buscs with filters have yacdded promising rouls.
Recent work by Mew York State w0 retrofil urban buses with continsously regenerating
partxculate filters along with very low sulfur faed use has yielded excellent resulis. Even
with these soccessful demonstrations, considersble work needs to be done with filiers
before they can be wsed on a widespread basis.  Filters require relatively high exhaust
temperamares for consistent repeneration and this can pase a challenge given the widely
varyimg duty cycles of heavy-dury trucks. For example, long idle periods and light-load
aperalion present a stluabon where the DPF collects PM bul cannot repenerate.  Although
DPFs offer high potential PM reduction, the risks of plugging and'or fallure indicac that
caution must be taken o understand these issues prior to widespread implementation.
Thus, the oumber of DPFs involved in this project has been limited o 35.

Developing an understanding of the imeraction between DPF and SCR is a scoondary
goal of this project. In order to0 meet futare emissions standards, it is likely that both PM
and NOx aftertreatment with high reduction efficiencies will be requared. Both DFF and
SCR technologics rely on exhsust heat 10 promote chemical reactions which sduce
emissaons.  Stacking techmologies in serics may have negative impacts relating 1o catalyst
{DPF ocaly). Understanding these imeractions and opUimizing the combimalion of

! Amsie Rideont, Cooper, McKinnon “The Impac of Retrofii of Exhasst Cosrrel Technologies on
Emissoes from Heavy-Dury Dol Cosstruction Equipment™ SAE March. 1999 and other SAE pagers



technologies will be importamt to meeting fiture cmissices standards such 25 those
proposed for 2007 model year engines

The Mack program %o retrofit diesel trucks with filkrs and oxidation catalysts and 1o
conduct durability emissions icsting on highway heavy-duty trocks in the Nornheast will
build on considerable stwe efforts to retrofit in wse vehicles and 1o achieve emission
reductions from exasung diesels and will augment efforts 10 implement widespread
retrofit programs.

PROJECT GOALS

The major project goal is to:
1. Install afiertreatment on the largest possible number of vehicles through retrofit
of existing and new trucks to provide a significant reduction in PM emissions in
the near-term,

Minor project goals are to
2. Assess the effectivencss of DXOCs and DPFs in reducing emissions during
sieady state and tramsient cell tests;
3. Develop an understanding of intcractions when combining DPF and SCR
echnologies in seres;
4. Assess DOCs and DFFs over the course of ficld-test operation in terms of
emissioas reduction

EMISSION REDUCTIONS

Project participants will aam 10 reduce PM by 20 percest or more through the wse of
DOCs. The 150 wrocks with DOCs will reduce PM by a total of 1,020 Ibiyr. This
percentage reduction equates to 6.8 IThiyr per truck” This assumes that post-1994
vehicles will be retrofitted. Greater PM mass reduction may be achieved by retrofitting
pre-1994 trucks a1 PM levels of 025 gbhp-hr. Project panticipants will aim 10 include
both 1994 and pre-1994 engines in the retrofit program. Fleet vehicles such as thase
oaned by stales wall hkely include both pre and post 19594 vehicles. There is a greater
risk of catalyst plugging andior faiiure at higher engine-owt PM levels  Further
discussions with the afiertreatment supplicr are required to assess this risk.  Availability
of tucks, milcage accumulated per year, and customer risk must be considered in the
decasion as to which model year trucks to retrofit

Participants will aim to achieve a 90 percent reduction in heavy-duty engines through the
use of PM fikers This reduction equates 10 30.5 Ibvyr PM reduction per track or 1,068
Ibdyr for the 35 trucks. If the filters remain om the 35 trucks afier the completion of the

* assumes 350 bbp engine, §.22 boad factor, 2000 hriyr stilization, and 0.10 g/btp-ar base PM level for
eagines with 1994 and after certificaticn



demonsiration program, this total would increase, In addition, HC and CO poliution will
be reduced at least 50 percent.

The sam of all wrucks involved will result in a PM mass reduction of 2,088 Ihiyr or
approximately | ton'yr assomeng all post-1994 trocks are retrofined.

LOCATION OF ENVIRONMENTAL BENEFIT

demonstration.  Trucks will be included that travel up and down the 95 comidor and
tracks that operate in congested urban areas such as New Yok City. In choosing long
hausl trucks that travel the 195 comidor as ome focus of the study area, the project ams 1o
reduce PM, HC, and CO along onc of the major highway comidors in the region, where
the impact from long haul heavy-duty diesel emissions is great. In choosing trucks that
operale in congested wrban aress, project participants will aim 1o reduce PM, HC, and CO
pollstion in arcas that arc especislly burdened by air pollution and to address
enviranmental justice issues. For example, some of Mack Trucks' barpest cusiomers are
waste haaling companies. Participants will take advantage of the noed w0 reduce pollution
in urban arcas and the availability of Mack Trocks in these arcas,

In the project, a preference will be given 1o retrofinting tracks thar operae locally. This is
the case for three reasoms: first, local trucks typically operale in a stop and go manner
retrofitting tracks that opermte locally will allow project panicipants o retrofit staie fleet
vehicles and 10 reduce pollution in states which will not benefit from the SCR project,
such a5 some of the more northem states.

PROJECT APPROACH/SCOPE OF WORK
The project will take place in sx phases:

1} Develop detailed project plas and goals clarificatson;

Z) Conduct survey of heavy-duty flects and procurement of tracks for participation in the
project,

3) Hardware design and fabrication.

4) Install the DFFs and DOCs on the 185 trucks;

5) Conduct darabiality emissions testing %0 determine durability of DOCs and DPFs;

6) Docurment resalts

I. Detailed Project Plan

partcpants will meet 1o finalize the project plan and tmeline. 11 is anticipated that &
meeting will take place in August io finalize the progect timeline, workplan, report
preparation strategy, and other elements key 0 the successful completion of the
demanstration. In addstion, project workgroups or teams may be formed around



substantive issucs and’or sile bocations. We propase 1o halance the convensence of
concentrating iochnology in a few locations with the benefit of involving mare stales and
cammanities in the effon.

2 Fleet Survey
Development of an lnventory and Route Informarnion for Truck Fleets

During this phase of the project, flects will be surveyed by project partscipants o
determine the appropriate vehacles 1o eguip with DOCs and DPFs. An objective of the
project is 1o retrofit both long hasl and city trucks such as refuse haulers with emassion
control devices. Information on mileage driven annually, rowes, exbawst temperanares,
and configuration of exhsust systems will be gathered from potential flects. When
candidate fleets are selecied, project participants will discuss the program with the fleet
opermtors. Some fleet opermors in the Northeast have already expressed enthusiasm for
participating in the project. New York City Sanitation is one such fleet.

Example of Possible Fleet Vehicles to be Equipped with DOCs and DPFs:

The following provides information ca the type of fleet the project pasticipants will work
10 inchude in this retrofil program.

Wasse Haulers and Local Flects:
BF1
Casclla Waste
Maine Department of Transportation
New York Sanitation
Republic Industnes
Saperior Services
Waste Management

Long Haul Fleets:
APA Transportation
Air Products
Lily Transportabon
Matkack
New Penn
Pi Ohio
Ryder
UPs

All of these compamies operate Class B trucks. Some of these flest vehicles are
manufactured by Mack trucks. Al of these fleees will be considered for mclusion in the
aftertreatrment retrofit progect. During the vehicle procurement phase of the project, fleets
will be assessed for chgibality.



3. Hardware Design and Fabrication

Hardware design and fabrication for DOCs and DPFs will inclade enginesring the control
technology imle the truck exhaust system  Specifically, aftertrearment packaging,
mounting brackets, and exhaust pipes must be designed and fabricated. Where possible,
mufflers with integral afiertreatment will be designed and mstalled similar to the original
muffler. Project participants may limitl the number of tuck models in order 10 mimmize
the mounting arrangements requared and %o maximize the number of exhaust contral wmits
installed. Dwring this phase of the progect, the truck manufacturer, afiertreatment
supplier, and exhaust system supplier will work closely 1o develop and fabricate
components suitsble for rewofitting Components required to monitor exhaust
backpressare will also be designed and fabricated.

4. Truck Installation

This project will nclude rewrofits of exsting and new tracks with emission comtrol
may be dome on-site or al a Jocal Mack dealership. New trucks will be built ar Mack
vehicle assembly plants wsing standard exhaust systems  Upon completion, new trocks
will be delivered w0 a Mack Modification Center where the exhaust systems will be
ahered w0 include afiertreatment  Exhaust backpressure monitoring equipment will be
moumied on some trucks. In five cases, trucks will be equipped with both SCR systems
and DPFs. In these cases, the DPF will be installed afier one year of SCR operation alone
in order 1o basehine the SCR system and determine impact of DPF.

5 Emissions Testing

Emissions measurements of a sample of DOCs and DPFFs will be taken in the Isboratory
after the units have been installed for several thousand howrs. The emissions testing
program will be geared toward durability testing of the units. Some initial testing will be
conducted for new vehicle installation at the Mack facility. For durability testing, the
DOCs and the DFFs will be removed from the vehicles and semt 10 an emissions testing
Isboratory. There the umits will be evalusted in engine emissions test cells. The wmits
will be tested for all cotena pollatasis 10 ensure that they have continwed o reduce
pollation even afier several thousand bours in use. NESCAUM has conducted durability
testing of several unils in this way and found this method 1o be very cost effective. Other
methods will also be considersd. Southwest Rescarch Institute, West Virginga Usiversity,
Environment Canada, and others are potentinl testing laboratonies. In addition, exhaust
backpressure will be recorded daily for some 125t vehackss. Changes in this measarement
may indacate afiertreatment plugging and’er failure.



6. Documentation of Resuits / Final Report

Both the rescarch and polbicy communities should benefit from the knowledge genermed
through thes propect. Protocols must be developed at the outset 10 ensure data
consistency. Data should be collected, quality assured and analyzed st appropriste
miervals. Project participants may choose %o publish results in peer reviewed litcratare
either collectively or independently. NESCAUM is prepared 10 coondinate andior draft 2
systems on truck engines and assessment of the fessibility of commercial scale
application for DPFs. All project documentation will be reviewed by project participants
and will recogmize the existence of confidential business mformation where appropriase.
NESCAUM will collect information and sssemble reports including project status,
conclusions, and recommendations. Reports will be isswed afier completion of
mstallations, afier one year of operstion, and afier two years of operation 0 project
participants and the EPA.

n-Kind Contribution

In-kind costributions 1o this project will be in the form of state staff time, wse of state
fleet vehicles for retrofitting, and technécal assistance. In addition, some states through

partcipation in the Clean Fucl Fieets program have developed working relationships with
fleet operators in their states. State s2afT can be counted on 1o facilitate project

ELEMENTS TO BE RESOLVED

techmical work that has been done 10 date will allow for sacoessful mstallation of control
devices on the 185 trucks. The planning work that has and is being done at this time will
cnable project participants 1o idetify appropriate fleet vehicles for mclusion in the
project. In other arcas such as emissions testing, preliminary plans have been established.
Elements o be resolved and that are key 1o the successfil completion of this project
include 1) finalizing plans for emissioes testing: 2) identifying flects that will participate
i the project; and 3) identifying contracsors 1o supply emission control devices.

In short, significant work has been done in planning for the project, but impartant
clemenis are not yet finalized which will be key w sacoessful implementation. These
elements will be finalized soon afier the project mitiation dage.



PROJECT BUDGET - PARTICULATE AFTERTREATMENT

truck manufacturer
truck engineering
exhaust bracket fabrication
backpressure instrumentation
truck mstaliations
durabdilty verification
engineering suppor during fieid-test $ 354,000

engine testing
emissions test 1 (parts removed for ced test)
emissions test 2 (parts removed for cell test) $ 200,000

truck fleet
compensation flor truck downtime $ 90.000

diesel aftertreatment suppher
diesel ondation catalysts
desel particulaie filters
DOC and DPF analysis
engineering support during fieid-test $ 385000

exhaus! system suppler

canning of DOC/muffler assembles

canning of DPF/muffier assemblies

engineering support dunng field-test 5 121,000
NESCAUM and member states

i

progect coordinaticn

report writing $ 150,000

projectiotal $ 1.310,000
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Mack Truck, Inc. & Renault V.I. Consent Decree Incentive Project
Ultra-low In-cylinder Emissions Engine
Scope of Work

Appendix E Project

Thas s a proposal for a research progect 10 be completed by Mack Tracks, Inc. and
Renault V1L in order to satisfy a portion of the requirements dictated in the consent
decree entered between Mack Trucks, Inc/ Renault V L (defendants) and United States of
Amenca (plantiff) . Specifically this research progect s vo satisfy a portion of paragraph
&5 section ¢ of the consemt decree.

Participants of this proposed project sre Mack Trucks, Inc., Renault V.1, and several
technical parteers. Several iechnical partners which may be called upon 10 support this
progect are Robent Bosch GmbH. Deesel Technology Company, AVL, Metal Leve,
Teksd, Schwitzer and Gasrell

Project Geals

All goals of this progect shall be consistent with the prionties and criteria as established
in paragraph §9 of the consent decree and are as follows:

1. Demonstrate that technologies 1o be evalumied can, or have the potential, 1o reduce
HDDE NOx + NMHC emissions below 1.5 g/bhp-hr. NOx + NMHC levels will be
dnven s low as possible using those wechnodogics and it is hoped levels sagnificantly
lower than 1.5 g/bhp-hr can be achicvwed.

2 Compleic the project withan the Gme comstraints as dictated by the consent decree.

3 Access production viability of the tochnologies evalusted and potential introduction
dates.



This Phase includes the exploranon of technology improvements 1o a commoa rail fuel
mjectian system to imprave the chances for successful feassbility of obtaming an engine
out NOx plus NMHC level of 1.5 glohp-hr . Specific technology improvements are
advanced rae shaping which includes precase control of boot ingection durstion's and
pressure kevels, The boot durabon”s and boot pressure levels will be variable over the
engine operating range without dependency o eagine speed / load or fixed engine
hardware (See Anachment 1) This should allow us o reduce the amoant of NOx
generaeed & all operauing poanis. Also included m this Phase is improved mjection
pressure control |, not only peak pressare control bt also average injection pressuse
dunng czch imjection event. The average or peak injection pressure should not be
dependent an engine speed/ load or fixed hardware. Injection pressure control could be
very critical 1o obtaineng acceptable smoke'particulate levels and reduced NOx emissions,
especially m the peesence of exhawst pas re-circulation. Another techmology
improvement 1o the injection system is multiple injectbon capability such as an sbility 10
have & pilot injection, main mjectica with boot pressure and a post injection all in the
same imjection event. Pilod injection could be used to reduce NOx ot operating points
where boot mjection may be ineffective (light loads) and may be additive to the NOx
recuction capability of boot injection al other operating points. Post imjoction may be
beneficial in reducing partculate, NOx and NMHC in the presesce of exhaust gas re-
circulation.

Detaled Scope of Work
1. System Requirements

Afier some time for brainstorming within Mack and Renault system specifications o
sysiem requarements will be grven 1o the supplicr. Sysiem requirements s desermined
bascd on applicatson imentions of the techmology. For our case the application
mformation which is required by the supplier is data such as eagine design and layout, so
that hardware of the new technology can be fitied onto the engine. Also required by the
sappher is engine data sach as required fuel flows, engime operating speed range and
emasssons goals of the engine. System requirements arc Lo be completed no later than
referenced in the project plam in Antachment 2.



2. Sysiem Desagn

System design will begin with computer simulation of various hardware Several
iterations of simulation will occwr umtil & proper maich of all iechnology hardware meets
all system requarements. If all system requirements can not be met, a compromise will
have 10 be reached between the sapplier and the customer. At the completion of
simulation, drawings may be necessary in order to manufacture the prototype hardware.
Manufacture of the prototype hardware may take scveral months 10 more than an year |
depending on suppliers availablity of vanous components and machine 1ool availability,
Also inchaded mn the system design, will be software writing for electronic controls of the
new technology. Sysiem design is o be completed mo lsier than as referenced in
Anachmess 2.

3. Concept Feassbility Smdy

A. Bench Testing

Al the completion of all components af the new technology, the compoments will be
procured and assembled into & system. The system wall first be evaluated st the
supphicr on a bench iest. Thas test is not on an eagine and is for evaluating
functionalaty of the sysiem ocaly. i functonality is proven 1o be as expected. the
prototype system will be shipped to Mack Trucks for engine testing. Any desired
improvements (o functionality will be incorporated into the A sample companents.
Bench testing of the A sample compoments will then be done afier the completion of

B. Engine Testing (Protolype Sysicm)

Engine testing of the prototype hardware will be of sieady state nahure only. Software
reguired (o do transsent testing will not be available ot this tme in the program. Steady
state engine lesting will include traversing injection timeng, imjection pressure, boot
duration, boot pressure, pilot injecton and post ingection effects ca BsNOw, smoke and
particulaste. Dae 1o the magnitude of paremeters needed 10 be evaluated, this portion of
the program may take moee than one yoar 1o complese. However, this task will be
compieied no Laer than as referenced in Attlachmemt 2.

C. Engine Testing (A Sample Sysiem)

Engine testing of the A sample system will inchude tramsient evaluations. Some or all of
the steady state lesumg may of may not be repesied depending on the nature of
fumctionality improvements made 1o the A sample system. Although all of the injection
varizbles will have to be evalusted in 3 ransient state, previous iesling performed in the
steady state will improve the efficiency of this task. Engine testing of the A sample
sysicm will be completed no later than & referenced m Attachmens 2.



Uken-Low In Cvinder Emmissions Eagines Phase I

Mﬂunmﬂﬁuﬁmﬁhmﬂmhﬁmmmm:m;+m
emassions level lower than 1.5 g/bhp-hr. NOx + NMHC levels will be driven as low as
possible durmg this phise. Technologies mcluded in this Phase include improved fael
spray stomazation through mcreased mjection pressures (up to 50% above cusrent
mmupﬁﬁﬂ)nﬂpmihlrdﬁimﬂiﬁmiumntwhﬁuumlh
diameters. The mcreased injection pressures should reduce particulate and NOx
ﬂﬁﬁminﬂ:mufuhmg-mﬂ:uhﬁmﬁhnhymmh.hﬂ
allowing injection pressures to increase, it will be possible 1o better control the ignition
and burm rate therefore reducing NOx. A re-evalualion of the combustion chamber will
alsa be requared which inchades investigating the effect of in-cylinder air swirl and flow,
pestom bowl geometry and overall compression ratio om NOx emissions. Due 10 increased
imjection pressares. and improved rate shaping as being studsed in Phasc I, the pision
bowd geametry and air flow requirements will need re-optimized for acceptable emassion
mmmmlmﬁuhﬂﬂd-wLMWI
e5c.) turbochargers or staged turbochargers offer the potestial for betier air/fuel ratio and
muﬂ“muﬂuuﬁumﬁngmﬂmfmpﬁdﬂlrﬂmiqnﬁm
CIM &S 0m=.

Detailed Scope of Work
L. System Requarements

Aficr some ume for bramstorming within Mack snd Renauk system specifications or
system requarements will be givea 1o the supplier. Sysiem requarements are determaned
based on application intestions of the techmalogy. For our casc the application
Mﬁ:hiwhhmﬁthhmumﬁﬁpﬂm 0
that hardware of the new technology can be fitted onto the engine. Also required by the
minMMuwﬁﬂm:ﬂﬁ:mWﬂmﬁmﬂ
cmassions goals of the engine. System reguirements for Phase 1T should be compatible
with system reguirements from Phase |, Also sysiem roquirements of Phase 11 are 1o be
completed no later than referenced in the project plan m Attachmes 3.

2. System Design

inﬁmdﬁnﬂdunﬂm-ilmmﬂﬁﬂlmmm
all sysicm requirements. If all syslem requirements can not be met, a compromise will
Iunmhrn:hndhﬂmd:nqﬂiumﬂhm,mummhﬁmd‘
mtwmhminmmmﬂ:m hardware.



Manufacture of the prototype hardware may take several moaths to more than an year ,
depending on suppliers availability of vanous companents and machine tool availability.
Also included i the system design, will be software writing for electronse controls of the
new techmology. System desiga for Phase 11 shoald be compatible with system design of
Phase | System design for Phase Il 1s 1o be complesed no later than as referenced in
Attachment 3.

3. Concept Feasibilsty Swdy

A. Bench Testing

At the completion of all compaonents of the new technology, the components will be
procured and assembled imto a sysiem. The system will first be evaluated at the

supplser om & bench test. Thas test 15 not on an engine and oaly is for evalusting
femctionality of the system. If functiomality is proven 10 be as cxpocsed, the prototype
system will be shipped 10 Mack Trecks for cngene testing. Any desired improvements 1o
functsonality will be incorporated into the A sample components. Bench testing of the A
sample components will then be dane afier the completson of prototype engine
evaluation.

B. Engise Testing (Prototype Sysiem)

Enginc icsting of the proiotype hardware for Phase Il will include steady staie and
transicnt icstng.  Testing wall inchode traversing imjection pressure above Phase |
capabelity, sir inket swirl {cylinder head variabons), compression ratso and bowl design
(piston variations) and turbo-chargmg sirsicgy . The objective of this parametric ssudy is
to reduce BSNOx+NMHC and partaculate 2s much as possible. As in Phase [, and due to
the magmitude of parameters needed 1o be evaluated, thas portion of the program may take
mare than one year 10 compleie. However, this task will be completed no laser than s
referenced in Anachment 3.

C. Eagine Testing (A Sample System)

Engne icstimg of the A sample system will mclude any design improvements as desired
and resulting from protetype bench and engine testing. Some or all of the testing may or
may not be repeated depending oa the nature of fusctionality improvements made o the
A sample system. Although many of the vanables may have 10 be evaluated with an A
sample systcm. previous testing performed with the prototype will improve the efficiency
of this task. Engine testing of the A sample system will be completed no later than as
referenced in Attachement 3.



Phase | & Phase Il (Merger of Technologies)

As referenced in Atachments two and three., technologies studied in Phase | and Phase
0 will be merged. Merging these technologes will potentzally improve the benefit and
possibly the effectivencss of these technologies on emissions reduction. Al completion of
the 1echnodogy merger it will be possible to assembile a complese engine sysiem capable
of the lowest possible emissions.

1.Vehacle Evaluation

The wehicle evaluation is scheduled as referenced in attachmeses two and three, The
vehicle evaluation will be performed on a vehicle in the Mack fleer. The velicle
evaluation is scheduled to oocur over a six month period if the system is capabile of
cperating in 2 vehicle environment far that length of time. Rehabality issues could
shorten the vehicle evaluation. The gaal of the vehicle evaluation is 10 judge vehicle
applscabon vizhility and access driver acceptance on performance issues.

1. Sysiem Assessment

To conchade this program, it will be determined if this technology has met proof of
concept and determine production viability. Proof of concept is simply: Did the
techmology do what was intended ? Production visbillity will evaluale such issues as time
i mdustrialize, compatshility of techmacal bemefits with regulmory requirements and
TESDAICE FEQuinements as compared to enviroamental and customer benefits.

Summary

Al the completicn of this progect, Mack wall have evalusiad engine echaologies which
have the capability 10 be better than these on nearly all HDD engines produced in the
world. By evaluating these advanced technologies and optimizing thesr interactions, the
likelihood of obtaiming the emissions target of less than 1.5 g/bhp-hr engine-om NOx +
NMHC is greatly increased. We estimate the imventory of NOx would be reduced 1.2
toesfyear for each truck at 1.5 g NOx+NMHC compared to today’s highway limit of
about 6.2 g NOx+NMHC or about .3 tonsfyear for each truck vs. a track ¢ 2.5 g/bhp-hr.



Ultra Low In-Cylinder Emissions Engine

Summary of Project Cost
Phase I and II
1. Four Prolotype systems for engine icsting ... cereeme LIOMS
2. Development of APCHSwﬂm[RW} ............. 199 MS
3. Development of ECU for APCRS contral.........coveeeeneenns 017 M3
4. Application & Bench Testing ............ooovrorivernreene 0.70 M$
3. Engine and Related Hardware for Tests .......c.coccvicnninnnie 0.05 M3
6. Engine Testimg (Test Cell™Manpower) .. serrrenneranness LTS M
7. [hrnlun'llmvdm:lu[!umhhlrﬂﬂ . 29N

'I'llﬂ....m 605 MS
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July 26, 2000
Subject: Mack Trucks, Inc. Incentve Program-Scope of Work
To Whom It May Concern:

Mack Trucks, Inc. is submitting cur Scope of Work fior our Incentive Program per
Paragraph 81 of the Consent Decree. The attached documentation shows owr
calculations and that they meet the required emissions reductions. Please note that the
time table includes the later part of the 1998 Model Year as well as all of the 2000-2001
Model years and through September 2002 Model Year. As previously mentioned in the
approved submission, the engine forecasts are “the most likely sales” scenario. We
have separated our sales into the EPA required Bb and 8a categonies. with the 8b
vehicles being those engaged in primarily on-highway, long haul operations(for
example, UPS) and the Ba vehicles operating in local delivery or construction. These
engines will be sold and engaged n commence throughout the U. 5.

In addition, we will include in our first quarter Compliance Representative report each
year the Incentive Plan progress as required under Paragraph 105 of the Consent
Decree. This progress report will include actual production volumes, types of vehicles
nto which the engines were instalied and the NOx EURO Il certification levels.

We are exercising Business Confidentiality for the attached documents.

Te the best of my knowledge, after thorough investigation, | cestify that the information
contained in or accompanying this submission is true, accurate, and complete | am
aware that there are significant penalties for knowingly submitting false information.
including the possibility of fines and mprsonment for knowing violations.

loer £ Lo b

Glenn O. Shetter
On Behalf of Mack Trucks, inc

Enclosures
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